ABSTRACT. Microorganisms from 45 jungle crows (Corvus macrorhynchos) captured from July to December 2002 at Ueno Zoo, Tokyo were identified as Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, Klebsiella oxytoca, Enterobacter aerogenes, Enterobacter cloacae, Enterobacter agglomerans, Pseudomonas maltophila, Staphylococcus spp., Micrococcus spp., and Streptococcus spp. E. coli showed the highest rate of isolation (21.6%). In an in vitro susceptibility test for 29 isolates of E. coli to 14 antimicrobial agents, all the isolates were resistant to penicillin G, vancomycin, erythromycin, lincomycin, bicozamycin, sulfadimethoxine, and olaquindox . Several isolates of them were also resistant to tetracycline, oxytetracycline, streptomycin, chloramphenicol, and ampicillin. Twenty-nine isolates were divided into 19 serogroups and the most frequently identified serogroups were O8, O114 and O144, which showed the same multidrug-resistant patterns. KEY WORDS: crow, Enterobacteria Escherichia coli, in vitro susceptibility test.
Recently, the number of jungle crows (Corvus macrorhynchos) has increased significantly in Tokyo. Crows have become highly adaptable to the urban environment. They may carry causal agents of highly pathogenic avian influenza and other pathogens with zoonotic infectivity and the fecal shedding may contaminate the environment [11, 22, 27] . As recent incidents concerning crows, there were the cases of West Nile fever in New York [2, 7-9, 12, 21] .
Among enterobacteria, Escherichia (E.) coli and Salmonella spp. are the most potential pathogens affecting humans, animals and birds concerning zoonosis and food poisoning. They have been isolated from free-living birds [1, 4-6, 10, 11, 13, 16-20, 24, 26-29] and the isolation rate of E. coli may be an indicator of fecal contamination. Until now, there have been few reports on the fecal microorganisms from crows [11, 22, 27] .
Our objectives in this study were to investigate the enterobacterial flora in crows in Ueno Zoo by using six different media limiting Enterobacteriaceae, and to determine the antimicrobial susceptibilities of E. coli isolates to 14 major drugs.
Cloacal and cecal contents were collected from July 2002 to December 2002 at Ueno Zoo, Tokyo. Cloacal contents taken by sterile cotton-tipped swabs from 33 jungle crows were spread directly onto trypticase soy agar (TSA; BBL, U.S.A.), MLCB agar (Nissui, Tokyo, Japan) and DHL agar (Nissui, Tokyo, Japan). After 12 jungle crows were euthanized, approximately 1 g of cecal content was suspended into 9 ml of sterilized 0.85% (w/v) NaCl (Wako Pure Chemical Co., Osaka, Japan) and diluted from 10 -1 to 10 -6 by a ten-fold dilution method and spread onto these agars. The agar plates were incubated at 37.5°C for 18-24 hr under aerobic conditions. Three morphologically dissimilar colonies were selected from each plate and subcultured onto TSA, MLCB agar and DHL agar. As mentioned above, cloacal and cecal contents were also spread onto TSA containing 5% (v/v) sheep blood with and without 400 µg/ml of spectinomycin for isolation of Brachyspira spp. and total anaerobic bacteria, and incubated at 37.5°C for 3 days under anaerobic conditions using GasPak system (BBL, U.S.A.). On the other hand, cloacal and cecal contents diluted 10 -1 were inoculated into Hajna tetrathionate broth (Eiken, Tokyo, Japan), incubated at 37.5°C for 24 hr and 48 hr under aerobic conditions for enrichment culture of Salmonella spp. After incubation, one loopful of the broth was spread onto DHL agar and incubated at 37.5°C for 18-24 hr. Three similar types of colonies were picked up from each plate and subcultured on DHL agar. The isolates were subcultured three times for pure culture, and characterized and identified by API 20E, API STAPH (BioMérieux, France), carbohydrate fermentation test and further biochemical tests.
Twenty-nine isolates of E. coli were submitted for an in vitro susceptibility test to 14 antimicrobial agents by the agar dilution method [23] . The following antimicrobial agents were used: penicillin G (PCG; Meiji Seika Kaisha, Co., Tokyo, Japan), ampicillin (ABPC; Wako Pure Chemical Co., Osaka, Japan), tetracycline (TC; Wako Pure Chemical Co.), oxytetracycline (OTC; Pfizer Co., Tokyo, Japan), colistin (CL; Kayaku Co., Ltd., Tokyo, Japan), vancomycin (VCM; Sigma Chemical Co., U.S.A.), erythromycin (EM; Dainippon Pharmaceutical Co., Ltd., Osaka, Japan), lincomycin (LCM; Pharmacia Upjohn Japan Co., Tokyo, Japan), streptomycin (SM; Meiji Seika Kaisha), chloramphenicol (CP; Sankyo Co., Ltd., Tokyo, Japan), bicozamycin (BCM; Fujisawa Pharmaceutical Co., Ltd., Osaka, Japan), sulfadimethoxine (SDMX; Asahi Kasei Co., Tokyo, Japan), enrofloxacin (ERFX; Bayer Ltd., Tokyo, Japan), and olaquindox (ODX; Nihon Tokushu Noyaku Seizo Co., Ltd., Tokyo, Japan). Stock solutions containing 2,000 µg/ml of SDMX and 1,000 µg/ml of the other antimicrobial agents were prepared. After two-fold dilution of the stock solutions from 100 to 0.1 µg/ml, 1 ml of each diluent was mixed with 9 ml of Müeller-Hinton agar (MHA; Difco, U.S.A.) in a plastic plate (Greiner Bio-One, Austria). SDMX was diluted two-fold from 200 to 0.1 µg/ml and mixed with MHA as mentioned above. Tested isolates were inoculated into Müeller-Hinton broth (MHB; Difco, U.S.A.) and incubated overnight at 37.5°C under aerobic conditions. Inocula were adjusted to 0.5 MacFarland and 100 µl of the inoculum was mixed with 900 µl of MHB. The bacteria were planted onto the plates with a microplanter (Ikemoto, Tokyo). The MIC was determined after incubation at 37.5°C for 18 hr.
The serogroups of 29 E. coli isolates used for the in vitro susceptibility test were determined by slide agglutination test.
As shown in Of the isolates of E. coli, 29 isolates were randomly chosen for an in vitro susceptibility test and the results were shown in Table 2 . All the isolates showed high susceptibility to CL and ERFX; the MICs ranged from 0.4 to 1.6 µg/ml and <0.1 µg/ml, respectively, showing the lowest MICs among the antimicrobial agents examined. In contrast, all the isolates had high MICs at 100 µg/ml to VCM and LCM. The MICs of 90% of the isolates (MIC 90 ) to ABPC and CP were 6.4 µg/ml except for two isolates. One isolate was not inhibited by ABPC at 100 µg/ml and the other was inhibited by CP at 100 µg/ml. To TC and OTC, 26 isolates were susceptible, but 3 isolates showed resistance.
The serogroups of 29 isolates of E. coli were determined in comparison with multidrug-resistant patterns of the isolates ( were also resistant to SM and ABPC, respectively. Hitherto, there have been few reports on enterobacteria in crows in Japan [11, 22] and no investigations have been conducted in Ueno Zoo so far. Therefore, this is the first report on enterobacteria in crows in Ueno Zoo. In this study, all crows examined in this study were clinically healthy and the enterobacteria isolated from crows were biologically classified into 11 species. Of the 11 species, E. coli was the bacterium most isolated. On the other hand, Salmonella spp. and Brachyspira spp. were not isolated from either cloaca or cecum. In previous reports [1, 3, 4, 6, 10, 14, 17-19, 24, 26] , the isolation rates of Salmonella spp. from free-living birds were usually low. Craven et al. [6] reported that the isolation rates of Salmonella spp. from crows were low in spring and winter, and high in summer and autumn. But no Salmonella spp. was isolated in summer, autumn or winter in this study, so crows captured in Ueno Zoo might not carry Salmonella spp. The isolation rate of E. coli from cloacal contents of 33 crows was 63.6% (21/33) and from cecal contents of 12 crows was100% (12/12). In the case of waterfowl residing in metropolitan parks in central Ohio, the isolation rate of E. coli was 67% [10] which value is similar to our results. Nevertheless, some reports on other free-living birds showed low isolation rates of E. coli from omnivorous passerines and carnivorous nonpasserines (1-5% and 15%, respectively) [3, 13, 24] . Compared with these reports, our isolation rate of E. coli was remarkably high. The living environments and omnivorous habit of birds may influence to the isolation rates of E. coli from crows and waterfowl living in similar public environments. We determined the MICs of the 14 antimicrobial agents and the drug-resistant patterns. Fallacara et al. [10] reported that all the isolates of E. coli from free-living waterfowl were resistant to PCG, VCM, LCM and bacitracin, and 99.5% of the isolates were resistant to EM. All the isolates were susceptible to imipenem, ciprofloxacin and cefepime, and at least 96% were susceptible to gentamicin, tobramycin, amikacin, trimethoprim/sulfamethoxazole, netilmicin, and ampicillin/sulbactam. In this study, E. coli isolates were highly susceptible to CL and ERFX among the antimicrobial agents examined. On the other hand, all the isolates were resistant to PCG, VCM, EM, LCM, BCM, SDMX, and ODX, and some isolates showed resistance to ABPC, TC, OTC, SM and CP. Among the antimicrobial agents, ODX has been shown to be effective against E. coli [15] , but all the isolates in this study were resistant to ODX.
As transfer of plasmid-encoded resistance to the antimicrobial agents occurs without regard to O serogroups and is a significant public health concern, the possibility of transfer of resistant genes between bacteria has attracted attention.
Mutidrug-resistance of the enterobacteria may be a kind of the virulence factor and it can be transmitted from one bacterium to another in the animal intestinal tract by plasmids [25] . If multidrug-resistant E. coli acquires the virulent factor by means of the plasmid, it becomes a highly virulent bacterium with multidrug-resistance.
